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MICROPLASTIC CONCENTRATIONS AND TYPES IN A CENTRAL ILLINOIS URBAN
STREAM

CAITLIN MARIE NOSEWORTHY
70 Pages
Microplastics are a persistent problem in many types of ecosystems across the world. The
majority of microplastic studies have been conducted in the marine environments as well as
larger freshwater lakes and rivers. We investigated microplastic concentrations in a small urban
stream and its tributaries in Bloomington and Normal, Illinois. We also considered the
relationship between watershed characteristics and microplastic concentrations as well as
between seasonality and concentrations of microplastics. Water samples were collected in the
fall of 2020 and winter of 2021 from Sugar Creek and its respective tributaries. The samples
were processed following a standardized method created by the National Oceanic and
Atmospheric Administration. Watershed characteristics, such as the area of the watersheds and
landcover types, were determined with ArcGIS. We discovered that microplastic concentrations
in a small urban stream are high and the particles consistently present across the seasons. There
was no relationship between watershed characteristics and microplastics indicating that the
source of microplastics is unrelated to these characteristics in an urban area. Our results indicate
that urban landscapes are major contributors of microplastics in freshwater environments.
KEYWORDS: Microplastics; urban streams; watershed characteristics; seasonality
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CHAPTER I: INTRODUCTION
Microplastics have become an increasingly pervasive issue in almost every type of
ecosystem. Microplastics (MP; plastic particles less than five millimeters in size) have been
found in river water (Hoellein et al., 2017; Mani and Burkhardt-Holm, 2020), river sediments
(Castañeda et al., 2014; Klein et al., 2015), large lakes (Eriksen et al., 2013), estuaries (Yonkos
et al., 2014), and marine environments (Harding, 2016; Hildago-Ruz et al., 2012). Microplastics
have even been found in remote areas such as in sediments in Antarctica (Munari et al., 2017)
and a mountain lake in Mongolia (Free et al., 2014) which illustrates the durability and ubiquity
of the particles. Analyzing microplastic accumulation in freshwater ecosystems is important for
understanding the severity of the plastic problem and determining potential management
solutions (Browne et al., 2011).
The most common types of microplastics are fibers, fragments, and beads; they all can
originate from many different sources. Primary sources of microplastics are sources where
microplastics are produced for direct use of as a precursor for a product such as in cleaning and
personal care items (Arthur, 2009). These sources also include discharge from wastewater
treatment plants, plastic production sites, and sewage effluent (Eerkes-Medrano et al., 2015).
Another primary source is a clothes drying machine which emit microfibers into the atmosphere
through exhaust vents (Kapp and Miller, 2020; Pirc et al., 2016). The polymers have different
densities which allows for the identification of potential sources. Items such as rope, netting, and
plastic bags are composed of low-density polymers (<1g/cm3), while food containers and plastic
utensils are made of high-density polymers (>1g/cm3) (Andrady, 2011).
Microplastics never fully decompose or disappear; they continuously accumulate in
landfills or the environment (Barnes et al., 2009). The residence time of microplastics can vary
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from hundreds to thousands of years in the ocean due to the durability and differences in physical
breakdowns (Barnes et al., 2009; Cole et al., 2011). The durability and ubiquity of microplastics
are a concern for the health of aquatic organisms as well as water quality. Microplastics move up
the food chain and have the potential to cause illness or death in organisms (Smith et al.,
2018). A recent United Nations report found that 220 aquatic species have directly
ingested microplastics (Harding, 2016). The number of species that have indirectly ingested the
particles is likely much higher due to trophic transfer (Smith et al., 2018).
Toxic chemicals associated with microplastics, such as nonylphenols and polychlorinated
biphenyl (PCB), may leach from microplastics and are a concern for water quality (Mato et al.,
2001). Microplastics released from a wastewater treatment plant also may also serve as a
substrate for certain bacteria that have been known to cause gastrointestinal diseases
(McCormick, 2014; On, 2001). However, the World Health Organization released a statement
noting that based on limited evidence, the chemicals and biofilms associated with microplastics
in drinking water pose no significant threat to human health (WHO, 2019).
Marine environments have been the focus of most microplastic studies because of the
large amount of plastic in the ocean (Arthur et al., 2009; Browne et al., 2011; Barnes,
2009). However, the majority of plastic is not directly dumped into the ocean (Eriksen et al.,
2013). An estimated 4.8 to 12.7 million metric tons of plastic waste enters the ocean via landbased sources each year (Jambeck et al., 2015). It is estimated that between 1.15 and 2.41 million
tons of plastic enter the ocean via tributaries alone each year (Lebreton et al., 2017). Therefore, it
is important to study these tributaries and other rivers and streams to understand
where microplastics originate from. Freshwater studies have focused on larger bodies of water
such as the Seine (Dris et al., 2015), Danube (Lechner et al., 2014) and Chicago Rivers
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(McCormick et al. 2014) as opposed to smaller urban streams which would be more dominant in
the landscape.
It is unclear whether watershed land use and landscape features impact the amount and
types of microplastics in an aquatic system. Higher concentrations of microplastics have been
found in urbanized areas (Mani et al., 2015) or downstream of a wastewater treatment plant
(McCormick et al., 2014). However, others have found that there is not a correlation between
microplastics and watershed land use (Hoellein et al, 2017; Klein et al., 2015). One study found
that there was not a relationship between microplastic abundance and human population density
but did find that there was a relationship with residential land cover (Dikareva and Simon, 2019).
No relationship between microplastics and landcover indicates that local-scale factors may be
more important than the watershed features (Dikavera and Simon, 2019). These differing
conclusions indicate that there need to be more studies regarding the effect that local and
watershed-scale features have on microplastics.
Depending on a study area’s climate, there may be seasonal variation in microplastic
concentrations. No consistent season patterns in microplastic concentrations were found in a
study conducted on the Rhine River in Europe. However, microplastic concentrations in the
Manas River Basin in China were higher in the dry season than the wet season (Wang et al.,
2021). Concentrations from wastewater treatment plant effluent in Israel were higher in the
winter than other seasons (Ben-David et al., 2021). Microplastics were found in freshly fallen
and non-freshly fallen snow (Bergmann et al., 2019; Materić et al., 2020), suggesting that they
can accumulate and then be released into ecosystems with snowmelt and runoff. It is worth
further investigating seasonal differences in microplastic concentrations to better understand the
relationship.
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Question and Hypotheses
This study will investigate the following questions: 1) What are the concentrations of
microplastic in a small, urban stream system? 2) How do watershed characteristics and
seasonality affect microplastic concentrations?
These questions will be answered by: 1) Sampling microplastics in urban tributaries with
different watershed characteristics; 2) Quantifying and identifying microplastics from each
tributary; 3) Determining how watershed and reach scale factors influence the amount and type
of microplastics; 4) Identifying any seasonal variation within the microplastic content.
We hypothesize that the microplastic content entering the main stream via tributaries will
vary based upon the watershed and reach-scale characteristics of each tributary. These
characteristics include the percentage of impervious surfaces and the presence of vegetation. A
watershed containing more impervious surfaces, specifically roads and driveways, will likely
have more microplastics (Figure 1A). Tire and road wear particles are the leading sources of
microplastic in European rivers (Siegfried et al., 2017). If the watershed has a large percentage of
vegetation, the microplastic amount may be lower as vegetation could serve to trap microplastics
before they reach the stream (Figure 1B).
The watershed land use (residential, commercial, parkland) will also impact the types and
amount of microplastics (Figure 1C). For example, residential areas are more likely to produce
microplastic fibers due to the washing machine effluent (Browne et al., 2011). Commercial and
parkland areas might have greater amounts of fragments as trash items like plastic bags may be
more likely to be degraded into microplastics in these areas.
I hypothesize that the winter samples will have greater concentrations of microplastics
than the fall samples for both fibers and fragments (Figure 1D). Freshly fallen snow and non-
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fresh snow contain microplastics (Bergmann et al., 2019; Materić et al., 2020). The snow can fall
directly into a stream system or enter it via melt runoff. On average, two to seven inches of
snow falls each winter month (January, February, and March) in the study area. Fleece clothing
is a significant contributor of microfibers both through normal wear outside and through being
dried (Pirc et al., 2016). Fleece tends to be washed more in the winter so it is probable that there
would be more microfibers emitted from drying machine exhaust vents.

5

Figure 1: Hypothesized relationships between watershed characteristics and microplastics (A)
Hypothesized relationship between impervious surfaces and concentration of microplastics. (B)
Hypothesized relationship between the presence of vegetation and concentration of
microplastics. (C) Hypothesized relationship between land usage, microplastic morphology, and
microplastic concentrations. (D) Hypothesized seasonal trends of microplastic concentrations.
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CHAPTER II: METHODS
Sample Collection
Seven sites were chosen within Sugar Creek watershed in the Bloomington-Normal urban
area (population: ~170,000) in Central Illinois. Illinois located in the Upper Midwest. The state
has four distinct seasons with warm summers, cold winters, and moderate temperatures in the
spring and fall. Descriptions of each site can be found in Appendix A. The sites include the
headwaters of Sugar Creek, four tributaries, a location upstream of a wastewater treatment plant
as well as downstream of the plant (Figure 2).

Figure 2: Sampling sites and locations within Central Illinois. The headwaters and tributaries are
within Normal and Bloomington, Illinois. The green square is also the location of the USGS
stream gaging station 05580950.

7

Samples were collected 8 times with four sampling events between September and
November 2020 (representative of fall conditions) and four sampling events between January
and February 2021 (representative of winter conditions).
At each site, two samples were collected using one-quart glass jars (Figures 3 & 4). Each
jar was rinsed with the stream water three times to ensure that the sample was representative of
the conditions. The jars were filled by submerging them in the water. However, when the jar was
unable to be filled due to a shallow depth, a 100 mL glass beaker was rinsed three times with
stream water and used to fill the jar.
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Figure 3: Sample collection from Site 2 on February 5, 2021.

Figure 4: Sample collection from Site 5 on February 5, 2021.
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The depth, width, and flow velocity were measured at each site, except for at Site 7, to
calculate discharge measurements. Flow velocity was measured by timing how long it took a
floating object to travel a known distance. At Site 7, discharge measurements were available
from the USGS stream gauging station 05580950, located just downstream of the wastewater
treatment plant. Since there is a continuous collection of discharge at the station, the value
closest to the time of collection was used for analysis purposes.
Lab Analysis
The samples were analyzed following the National Oceanic and Atmospheric
Administration (NOAA) guidelines for analyzing microplastics with slight modifications
suggested by John Scott from the Illinois Sustainable Technology Center and incorporating
QA/QC procedures (NOAA, 2015) (Figure 5).
The sample was transferred into an 800 mL glass beaker, covered with aluminum foil,
and placed in a drying oven at 90 degrees Celsius for approximately a week to allow the sample
to dry. An iron sulfate solution and hydrogen peroxide were added to oxidize any natural organic
material. After an initial reaction period, the solution was heated on a beaker for an additional
thirty minutes to ensure the elimination of organic material. The mixture was then placed in a
125 mL separatory funnel. A potassium iodide solution with a density of approximately 1.4
g/cm3 was added to the funnel and mixed. The majority of microplastics have a density less than
1.2 g/cm3.
After twenty-four hours, two distinct layers form with the microplastics in the top, less
dense layer. The microplastic layer was filtered onto a 47 mm cellulose nitrate filter with 0.45
μm pores and placed in a glass petri dish. The filters were examined under a Leica MS 5
microscope at 2.5x power (Figure 6). The type, color, and number of microplastics were
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recorded for each sample. During the counting process, filters were selected at random without
knowing the associated sample location. This was done to lessen potential bias caused by
knowing the sample locations. If there was uncertainty on if a particle was a microplastic or
organic matter, the hot needle test was used. A needle is heated and touched to the particle; if it
was plastic, it would react to the heat and melt.

Figure 5: Microplastic processing steps. Left to right: Drying raw samples, oxidation of organic
material, and density separation.

Figure 6: Microfiber found at Site 2 in the winter.
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QA/QC Procedures
Sample contamination is a concern with microplastic studies (Brander et al. 2020). We
followed QA/QC procedures similar to those laid out by Ben-David et al. (2021) and Brander et
al. (2020). Mitigative steps were taken to limit any contamination. Certain types of clothing, such
as fleece, were avoided during the collection and analysis of the samples. Cotton lab coats were
worn as an additional preventative measure. The potassium iodide solution was filtered at least
five times through before adding it to the separatory funnel. Anytime glass beakers were used,
tinfoil was placed on the top to prevent potential contamination within the lab. Deionized water
was filtered through a glass fiber filter before being used to rinse the remnants of the sample.
There was a blank (filtered deionized water) processed with every set of samples. There were no
microplastics found in any of the eight blanks.
Data Analysis and Statistics
All data were analyzed using R and RStudio (version 4.0.3; “Bunny-Wunnies Freak
Out”) packages. The packages used were: tidyverse (Wickham et al., 2019), lubridate
(Grolemund and Wickham, 2011), readxl (Wickham and Bryan, 2019), scales (Wickham and
Sieidel, 2020), skimr (Waring et al., 2020), janitor (Firke, 2021), patchwork (Pederson, 2020),
tidyr (Wickham, 2020), dplyr (Wickham et al., 2021), readr (Wickham and Hester, 2020), car
(Fox and Weisberg, 2019), emmeans (Length, 2021), multcomp (Hothorn et al., 2008), GGally
(Schloerke et al, 2021), and corrplot (Wei and Simko, 2017). One-way analysis of variance
(ANOVA) tests were performed to see if there were significant differences in microplastic
concentrations between sites as well as seasons. A two-way ANOVA was performed to
determine if there was a significant difference between in microplastic concentration at sites
between seasons. If there were differences, a Bonferroni pairwise test was run. A Pearson
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Correlation test was run to see the strength of the relationships between the different pairs of
variables, whether or not the relationship is positive or negative, and if the relationship is
statistically significant.
GIS Analysis
The objective of utilizing GIS in this project was to delineate the watersheds of each
sample location and to determine the watershed characteristics. A watershed is the area that
contributes water flow to a certain point in the landscape. For this study, this would be the area
that would likely contribute microplastics to the sampling point. Watershed characteristics that
were determined were the area of the watershed, percent of impervious surface cover, and the
different types of land cover in the watersheds. This analysis was run for seven different output
(e.g., drain point of watershed) locations in Normal and Bloomington, Illinois.
The initial data layers that were used in this study were landcover type, impervious
surface cover, elevation, and sample locations (Table 1). All data was projected to NAD 1983
(2011) StatePlane Illinois East FIPS 1201 (US Feet).
Table 1. Sources and details of GIS data that was used in this project
Data
Landcover

Type
Raster

Impervious
Surface
Elevation

Raster

Sample
Locations

Point file

DEM

Source
National Landcover
Dataset
National Landcover
Dataset
United States
Department of
Agriculture: Geospatial
Data Gateway
GPS

Resolution
30 m

Year
2016

30 m

2016

10 m

2019

---

2021

A standard methodology that uses the hydrology tools in ArcGIS 10.6.1 was followed to
delineate the watersheds (Figure 7). The DEM was filled to remove any sinks or holes in the
13

layer to eliminate any cells that may have no data but is not representative of the actual
landscape features. Next, the flow direction for each cell was determined. Water from a cell will
flow to whichever of its eight neighboring cells has the steepest downhill slope. The flow
direction was then used to calculate the flow accumulation which is how much area upstream
drains to a cell. The flow accumulation file was reclassified into two classes to create a stream
raster. A new raster image was then created where the stream channel was assigned a value of 1
and the non-channel areas were assigned as No Data. The stream network was created using the
Shreve stream classification method.
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Figure 7: GIS workflow. The GIS processes used to delineate watersheds and calculate watershed characteristics. Process A:
Delineating watersheds using hydrology tools. Process B: Clipping the watershed boundaries to the landcover and impervious surface
cover layers. Process C: Utilizing the landcover and impervious surface cover layers to calculate the landcover characteristics
including percent of impervious surfaces in each watershed (Chabeva et al., 2009; NOAA, 2016).

A point feature class was created to indicate pour points and the points were placed using
GPS coordinates of the sampling locations. The feature class was converted to a raster snapped
to the location on the flow accumulation raster. From there, the watershed function used to
calculate the area that contributes flow to a pour point (Table 2).
Table 2. Watershed Characteristics for Each Sampling Location
Site Impervious Watershed
Percent of Study Area (%)
Surface
Area
Developed Developed Agriculture Open Vegetation
Cover (%) (km2)
(high/med) (low/open (crop/hay) Water (herbaceous/
space)
Deciduous
forest)
1
36.3
7.4
37.6
34.7
26.1
1.1
0.5
2

47.6

3.6

35.8

64.2

NA

NA

NA

3

40.6

16.9

40.9

40.3

17.4

0.1

1.3

4

35.3

8.4

34.4

42.2

23.1

0.4

NA

5

41.0

51.9

39.1

46.1

14.0

0.4

0.5

6

20.0

14.2

18.9

35.0

42.4

0.2

3.5

7

37.7

96.2

35.5

44.9

14.4

0.8

1.5

A problem that was originally encountered while creating the watersheds was that some
of the smaller watersheds were included in the watersheds for pour points that were downstream.
This resulted in some watersheds not actually being delineated. Therefore, it was necessary to
repeat the watershed delineation process individually for each sampling location to ensure all
seven sites had the proper watershed.
The landcover layer and impervious surface cover layer were clipped to each watershed
layer to determine the percentages of land cover types in the watersheds (Figure 7; Table 2). We
16

grouped the developed categories based on their definition by the National Landcover Dataset.
The developed areas that where impervious surfaces account for 50% or more of the landcover
were grouped (high and medium intensity). The developed areas that where impervious surfaces
account for 50% or less of the landcover were grouped (low intensity and open space). Since
agriculture (cultivated crops and hay) is a significant percentage of the landcover, we grouped it
independently from other types of vegetation (deciduous forest and herbaceous areas), We used
the method created by the NOAA to calculate the percentage of impervious surfaces in each
watershed (Chabeva et al., 2009; NOAA, 2016) (Table 2). The average percentage of each
landcover type was multiplied by the area of that landcover which gives the Total Impervious
Area (TIA). The TIAs for landcover were added together and divided by the watershed area.
This gives the normalized percent of the watershed that is impervious.
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CHAPTER III: RESULTS
We collected 112 samples from three sites along Sugar Creek and four sites on its
tributaries to investigate microplastic concentrations in a small urban stream. Fifty-six samples
were collected in the fall (Sept-Nov 2020) and 56 samples were collected in the winter (Jan-Feb
2021).
Microplastics were present in 75% of the samples contained and 100% of those
microplastics were microfibers. When present, the average concentrations ranged from 328.91381.6 MP/m3 (Table 3). The largest range in microplastic concentrations was at Site 7 while
the lowest range in microplastic concentrations was at Site 6 (Figure 8). There was a significant
difference in microplastic concentrations between sampling sites (one-way ANOVA,
F6,43=2.8372, p=0.0189). The mean concentration at Site 4 was significantly lower than the
concentrations at Sites 2 and 7 (pair-wise comparison; p<0.05) (Figure 8).
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Table 3. Average Microplastic Concentrations for the Fall (Sept-Nov 2020), Winter (Jan-Feb 2021), and Entire Collection
Period
Site

Site Type

Avg. Fall
Discharge
(m3/sec)

Avg. Winter
Discharge
(m3/sec)

1
2
3
4
5
6
7

Sugar Creek
Tributary
Tributary
Tributary
Sugar Creek
Tributary
Sugar Creek

0.12
0.01
0.01
0.03
0.19
0.03
0.56

0.30
0.09
0.15
0.16
1.08
0.35
1.40

Avg. Fall
Avg. Winter
Avg.
Microplastic
Microplastic
Microplastic
Concentration
Concentration
Concentration
(MP/m3) ± (SE) (MP/m3) ± (SE) (MP/m3) ± (SE)
1315.8 ± (339.7) 657.9 ± (131.6) 986.8 ± (209.5)
1052.6 ± (0.0) 1710.5 ± (131.6) 1381.6 ± (138.4)
1184.2 ± (331.1) 394.7 ± (131.6) 789.5 ± (222.4)
394.7 ± (131.6) 263.2 ± (263.2) 328.9 ± (138.4)
1052.6 ± (0.0)
657.9 ± (131.6)
855.2 ± (96.3)
1184.2 ± (542.5) 921.0 ± (131.6) 1052.8 ± (263.2)
1315.8 ± (263.2) 1315.8 ± (626.4) 1315.8 ± (314.5)

19

Figure 8: Mean microplastic concentrations for each sampling site. Box and whisker plot
showing the mean microplastic concentration for each sampling site. The box represents the
upper and lower quartiles of concentrations. The horizontal line in the boxes represents the
median concentrations. The large black dots represent the mean concentration. Concentrations
were significantly lower at Site 4 than at other sites.
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Within each season, the patterns differed across sites. The mean microplastic
concentrations at Sites 1, 3, 4, 5, and 6 all decreased in the winter (Table 3; Figure 9A, B).
However, mean concentrations stayed the same between the seasons at Site 7 and increased
during the winter at Site 2 (Table 3; Figure 9A, B). In the fall, concentrations were relatively
constant at Sites 2 and 5 while the greatest range in concentrations was at Site 1 (Figure 9A).
There was no significant difference between the concentrations at each site during the fall (oneway ANOVA). In the winter, concentration varied at sites and the greatest range in
concentrations occurred at Site 7 (Figure 9B) There was a significant difference in microplastic
concentrations between sampling sites in the winter (one-way ANOVA, F6,21=3.3789, p=0.017)
(Figure 9B). Concentrations were significantly higher at Site 2 compared to concentrations at
Sites 3 and 4 (pairwise test, p<0.05).

21

Figure 9: Seasonal mean microplastic concentrations for each sampling site. Box and whisker
plot showing the mean microplastic concentrations at site in A) fall and B) winter. The box
represents the upper and lower quartiles of concentrations. The horizontal line in the boxes
represents the median concentrations. The large black dots represent the mean concentration.
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However, there was no significant difference overall between microplastic concentrations
in fall and winter (Figure 10). Two-way ANOVA did not indicate a statistically significant
interaction between sampling sites and seasonality.

Figure 10: Seasonal mean microplastic concentrations. Box and whisker plot showing the mean
microplastic concentrations in the fall and winter. The box represents the upper and lower
quartiles of concentrations. The horizontal line in the boxes represents the median
concentrations. The large black dots represent the mean concentration for the season. There was
no significant difference between fall and winter concentrations.
23

Microplastic concentrations were not significantly correlated with any watershed
characteristics (Table 4).
Table 4. Pearson Product Moment Correlations of Microplastic Concentrations and
Watershed Characteristics
Watershed Characteristic
Impervious Surface Cover (%)
Watershed Area (km2)
Developed (%, high/med)
Developed (%, low/open space)
Total Developed (%)
Agriculture (%, crop/hay)
Open Water (%)
Vegetation (%, forest/herbaceous)

r
0.09
0.17
-0.07
0.22
0.13
-0.17
0.02
0.12
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p
0.52
0.21
0.64
0.10
0.36
0.22
0.91
0.37

CHAPTER IV: DISCUSSION
Microplastic Type in a Small Urban Stream
This study collected 112 water samples from a small urban stream and its tributaries in
central Illinois. Seventy-five percent of the samples contained microplastics and 100% of those
microplastics were microfibers. Microfibers tend to be the most abundant type of microplastic
found in other studies (Baldwin et al., 2016; Barrows et al., 2018; Dris et al., 2015). A dominant
source of microfibers is synthetic clothing which gets washed and dried; the fibers are then
emitted into the environment via drying machine exhaust vents (Kapp and Miller, 2020; Pirc et
al., 2016). Our study areas encompassed large sections of residential areas and consequently, a
large number of drying machines. An estimated 6,000,000 microfibers are released from a 5
kilogram wash load of polyester fabric (De Falco et al., 2018).
While fibers tend to be the most abundant type of microplastic, studies find other types of
microplastics (such as fragments and beads) in aquatic environments (Baldwin et al., 2016; Mani
and Burkhardt-Holm, 2020; Simmerman and Coleman Wasik, 2020). Fragments, which were not
found in this study, come from the mechanical and biological breakdown of larger plastic litter
(Arthur, 2009). The lack of fragments may be an indication that plastic litter does not have a
large presence in the study area. There was litter observed at some of the sampling sites, but it
was not extensive and not always plastic. Anthropogenic litter was abundant in streams in
Chicago, Illinois (2 hours northeast of our study area) (McCormick and Hoellein, 2016) but our
study encompassed a much smaller region with a smaller population and population density
which may mean there are less sources of litter.
Wastewater treatment plant effluent is a significant source of microbeads (Eriksen et al.,
2013). However, there were no microbeads seen at Site 7 (downstream of a plant) or at any other
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site; the lack of microbeads is likely due to the Microbeads-Free Waters Act. In 2015, Congress
passed the Microbead-Free Waters Act which initiated a phase-out of “the manufacture and
introduction or delivery for introduction into interstate commerce of rinse-off cosmetics
containing intentionally added microbeads” that began in 2017 (Microbead-Free Waters Act of
2015).
Microplastic Concentrations in a Small Urban Stream
Based on preliminary data gathered in February 2020, we expected our microplastic
concentrations to be orders of magnitude higher than a larger urban river. While that hypothesis
was correct, caution should be used when comparing microplastic concentrations because
methodologies tend to vary between studies (Arthur et al., 2009; Hildago-Ruz et al., 2012).
Collection methods, volume of water samples, and how microplastics are separated from the
sample may vary from one study to another (Arthur et al., 2009; Hildago-Ruz et al., 2012). For
instance, some studies use mesh nets (Lechner et al., 2014; McCormick et al., 2014) while others
use grab samples (Table 5). Even between the studies that use nets, the size of the net and the
mesh might be different. McCormick et al. (2014) used two different-sized neuston nets: 0.92 ×
0.42 m and 0.36 × 0.41 m; both nets had a 333µm mesh. Lechner et al. (2014) used a driftnet
with diameter of 0.5 m and had 500 µm mesh.
Another complication when comparing results is that the microplastic concentrations can
be reported differently; some studies have reported the microplastic concentrations by area
(Eriksen et al., 2013; Yonkos et al., 2014) and others report it by volume (Lechner et al., 2014;
Mani and Burkhardt-Holm, 2020 and McCormick et al., 2014). We reported microplastic
concentration by volume as we collected the samples via small glass jars versus towing a net
around a lake or river.
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The overall average concentration of microplastics in this study was 839 MP/m3 (Table
5). Table 5 shows the concentrations from studies that had a similar collection methodology.
This table illustrates that a small urban watershed (our study) can have similar microfiber
concentrations to a large river (Hudson River). The high concentrations found in the Manas
River is likely due significant amounts of sewage effluent entering the basin as well as the fact
that China is still in the process of banning the production of beads (Wang et al., 2020).
Additionally, Table 5 shows that microplastics are pervasive across different parts of the world.
Early studies had focused on larger river systems. New studies have reported much higher
microplastic concentrations, but this may be due to differences in collection methods (Table 5).
A consistently adopted sampling and processing method would assist in making studies more
comparable to one another.
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Table 5. Freshwater Microplastic Concentrations
Mean
MP/m3

Location

839 (only
Sugar Creek
found
&
microfibers) tributaries
(Illinois,
US)
980 (only
Hudson
counted
River (New
microfibers) York, US)
7,750
Manas
River Basin
(China)
1,682
Kinnikinic
River
(Wisconsin,
US)
0.32
Danube
River
(Austria)
9.94
North Shore
Channel-Chicago
River
(Illinois,
US)
30
Seine River
(France)

Average
Discharge
(m3/sec)
0.01-1.40

Landuse

Collection
Method

Study

Urban

Grab Samples

Our Study

3.18-463.95

Mixed

Grab Samples

Miller et al., 2017

N/A

Mixed

Grab Samples

Wang et al., 2020

1.56-2.83

Mixed;
Grab Samples
dominantly
agricultural

Simmerman and
Coleman Wasik,
2020

1930

Mixed

Driftnets

Lechner et al., 2014

16

Urban

Neuston nets

McCormick et al.,
2014

350

Mixed

Manta trawl
and plankton
nets

Dris et al., 2015

Seasonality and Microplastic Concentrations
The fall months in this study (Sept, Oct, and Nov) average about 3 inches of precipitation
per month (U.S. Climate Data). The average fall temperatures range from 53-78°F (Sept), 4165°F (Oct), and 31-50°F (Nov) (U.S. Climate Data). September 2020 had an average temperature
of 64°F and had 5.5 inches of precipitation (WU). October 2020 had an average temperature of
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51°F and had 1.03 inches of precipitation (WU). November 2020 had an average temperature of
45°F and had 1.64 inches of precipitation (WU).
The winter months (Jan and Feb) tend to be drier and respectively average 2.1 and 1.9
inches of precipitation (U.S. Climate Data). The average winter temperatures range from 1533°F (Jan) and 18-38°F (Feb) (U.S. Climate Data). January 2021 had an average temperature of
36°F had 1.71 inches of precipitation; the region was considered to be in an abnormally dry state
by the end of the month (Midwest Regional Climate Center, WU). February 2021 had an average
temperature of 45°F and had 0.51 inches of precipitation (WU). The area had a stretch of record
cold temperatures in mid-February.
We expected microplastic concentrations to be higher in the winter than in the fall due to
snowfall and colder temperatures influencing what people wear. Microplastic concentrations in
wastewater effluent were notably higher in the winter months in Israel (Ben-David et al., 2021).
However, our study did not find a significant difference between mean microplastic
concentrations in the fall versus concentrations in the winter (Figure 10). However, five out of
seven sites saw a decrease in the average concentrations in the winter which may be related to
increased discharges (Table 3).
The winter during our study was slightly warmer and drier than the typical Illinois winter.
This may have been a contributor of the reduced microplastic concentrations seen in this study.
People may not have worn and washed fleece clothing as much as in a colder and wetter winter.
Another factor of the reduced concentrations may have been the higher winter discharge values;
for instance, the average fall discharge at Site 5 was 0.19 m3/sec and the average winter
discharge was 1.08 m3/sec (Table 3). Higher discharge values may create a dilution effect on the
microplastics. There were no seasonal concentration patterns observed in the Rhine River which
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may indicate that any concentration fluxes seen are a result of the different discharge regimes
(Mani and Burkhardt-Holm, 2020)
Discharge and other hydrologic indicators may be major factors that influence
microplastic concentrations. It may matter when in the flood hydrograph that sampling is
occurring. It would be worth investigating if microplastic concentrations change over the course
of a storm event. Along those lines, if storm events are not a key component of a study, the
investigators should ensure that samples are being collected at baseflow for the sampling
locations.
Watershed Characteristics and Microplastic Concentrations
We expected watershed characteristics to impact microplastic concentrations. Statistical
analysis concluded that there were no distinct relationships between microplastic concentrations
and the selected watershed characteristics (Table 2). While there were some differences between
each sampling site’s respective watershed (Table 2), the differences may not have been distinct
enough to show any significant difference between microplastic concentrations. When looking
for patterns, additional studies would benefit from choosing more diverse sites to see what
characteristics might be affecting microplastic inputs.
A study that focused on Great Lakes tributaries had a more diverse range of landcover
types which led to the conclusion that urban areas contribute more microplastics to an aquatic
system than non-urban areas do (Baldwin et al., 2016). Concentrations had statistically
significant positive correlations with urban development in the Chesapeake Bay area (Yonkos et
al., 2014). Our study, which was a dominantly urbanized area (Table 2), also found that urban
areas are a significant contributor of microplastics but there are not significant differences in the
concentrations within an urban watershed. Our study area is dominantly urban with many
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residential areas that have washing and drying machines. It is likely that the main source of
microplastics in our area is from the emission of drying machine exhaust into the atmosphere.
Other pathways may include runoff from precipitation and snow melting events as well as
potentially groundwater. The microfibers may actually be deposited into the snow and not enter
the stream system until the snow melts.
We had expected watersheds with a larger percentage of impervious surfaces to have
higher concentrations of microplastics. There was no relationship found in this study which
concurred with the findings from Baldwin et al. (2016). Impervious surface cover and
microplastic concentrations might have a more significant relationship during runoff events.
There was no runoff occurring during any of the collection dates.
We had selected a site that was downstream of a wastewater treatment plant (WWTP);
past studies had found that mean microplastic concentrations are reflective of sources and sinks
of microplastics such as WWTPs (Mani et al., 2015; McCormick et al., 2014) (Site 7; Figure 1).
WWTPs are considered to be a primary source of microplastics—especially microfibers (EerkesMedrano et al., 2015). WWTPs receive wastewater from residential areas that contain
microfibers from clothes that have been washed. The highest mean concentration in the fall and
the second highest in the winter was at Site 7 (Figure 9A,B). The concentrations also had the
greatest range of concentrations in the winter at Site 7 (Figure 9B). Our study shows that a
WWTP is a contributor of microplastics to Sugar Creek.
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CHAPTER V: CONCLUSION
Microplastics have been found all around the world in many different environments
including rivers, lakes, and oceans. The particles are durable, ubiquitous, and can cause illness or
death in aquatic organisms. Their impact on the environment needs to be further studied in order
to determine potential management solution. One environment where studies are lacking is small
streams. These streams are tributaries of larger rivers where microplastics are present and should
be studied to determine their contribution of microplastics.
We investigated microplastic type and concentration in a central Illinois urban stream
which is in the Mississippi River watershed. We also investigated how seasonality and watershed
characteristics affect microplastic concentrations.
Microplastic concentrations in Sugar Creek were significantly higher than in larger rivers.
However, this may be due to a difference in collection methods. Regardless, our study found that
microplastics are present in and can therefore impact a small urban stream. The concentrations
were not significantly different between sites or between seasons which illustrates that
microplastics are consistently present across an urban landscape and urban areas are significant
contributors of microplastics.
We found no relationship between microplastic concentrations and watershed
characteristics which means there is likely a source of microplastics in an urban area that is
unrelated to watershed characteristics. Since there were only microfibers present in the study
area, this source is likely atmospheric due to the emission of microfibers from drying machine
exhaust.
There are several things for future studies to take into consideration. There is currently no
consistent methodology used for microplastic sampling; this causes issues when trying to
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compare studies to one another. Some studies only have the means to visually analyze and count
microplastics while others have access to Fourier-transform infrared spectroscopy which allows
for the identification of plastic polymer types. Hydrology is likely an important factor to consider
and a project that investigates how microplastic concentrations change over the course of the
flood hydrograph may shed light on this question. Finally, the National Landcover Dataset is
only updated every five years and uses 30-meter data meaning that it may not be the best
reflection of the landcover. Better impervious surface measures may significantly change the
statistics.
Microplastics have become an important topic in aquatic research and we suggest the
need for a standard sampling and processing methodology to better compare studies. This would
allow for a greater comprehension of the microplastic problem around the world. According to
our study, a small urban stream is a significant source of microplastics. This environment needs
to continue to be studied in order to gain a greater understanding of their contribution of
microplastics to larger rivers and ultimately, the marine environment.
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APPENDIX: SITE DESCRIPTIONS
Site 1

Fall (looking upstream)

Winter (looking upstream)

This site is located at Tipton South off General Electric Road which is a heavily trafficked road.
The park is well used by pedestrians and bicyclists. I parked in the main lot and walked east on
the sidewalk and accessed the stream by the bridge.
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Site 1 Watershed

44

Site 1 Landcover

45

Site 1 Impervious Surface Cover

46

Site 2

Fall (looking downstream)

Winter (looking downstream)

This site is located off of the corner of North Linden St and East Emerson Street in Bloomington.
Both roads are well trafficked by vehicles. Other buildings nearby include a gas station and
residential neighborhoods.
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Site 2 Watershed

48

Site 2 Landcover

49

Site 2 Impervious Surface Cover
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Site 3

Fall (looking upstream)

Winter (looking upstream)

This site is located just northeast of the BroMenn Medical Center. I parked at Cadence Academy
Preschool. There aren’t many buildings in the immediate area. South Main Street is a well
trafficked road just east of the location.
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Site 3 Watershed

52

Site 3 Landcover

53

Site 3 Impervious Surface Cover
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Site 4

Fall (looking downstream)

Winter (looking downstream)

This site is located near the corner of Searle Drive and West Hovey Avenue. It is mostly
residential in the immediate area and there is an elementary school just north of the site. West
Hovey Avenue is a well trafficked road.
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Site 4 Watershed

56

Site 4 Landcover

57

Site 4 Impervious Surface Cover
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Site 5

Fall (looking upstream)

Winter (looking upstream)

This site is located at White Oak Park in Bloomington which is a popular area for pedestrians
and bicyclists. I accessed the site from the parking lot on Cottage Street. There is a commercial
area just upstream of the location as well as a residential neighborhood.
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Site 5 Watershed
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Site 5 Landcover
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Site 5 Impervious Surface Cover
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Site 6

Fall (looking downstream)

Winter (looking downstream)

This site is located by the corner of West Market Street and Martin Luther King Jr. Drive. I
accessed the site by parking at Culver’s. This is a highly trafficked commercial area. However,
there is little development upstream of the site.
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Site 6 Watershed

64

Site 6 Landcover
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Site 6 Impervious Surface Cover
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Site 7

Fall (looking downstream)

Winter (looking downstream)

This site is located to the east of the Millenium FC fields at E 1200 North Road. Besides the
athletic fields, it is an agricultural area. There is little vehicle and pedestrian traffic.
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Site 7 Watershed

68

Site 7 Landcover

69

Site 7 Impervious Surface Cover
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